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METHOD OF ADEERING PARTICLES TO A SUPPORT SURFACE
Filéd May 3, 1963 ' _ 3 Shee ts-Sheet 2

COLT ETTHERT A SUPPALT SULFACE OF IMNOIVIOUAL
. PHISENOE PRACTICLES WITH A AOSOLBENT Y/ A

LATHE THE SUPFORT SUSFACE WITHA LIQUID DISPERSION
OF 2 (8) UNFILAIED PHOSHOL PARTICLES 1F Z‘//E'
SUPFOZT SUCFACE HAS BN FILWED OF 5 THE
FILLLED PYOTARIT PACTICLES IF THE SURFOET
SURFACE FAS WOT BEEN FILMED.

1

PEMNE EXCESS OF DISFELZSION LEAVING A AONO-
PARCTICLE = THICK LAYER OF PHOSPHOR FPARTICLES
ADHELING TO SUPPOXT SUSFACE WITH AN
ADSORLENT A7LAM INTERFPOIED FHETEDETWEEN.

PEPEAT EITHER SERIES OF FRECEOING STEFS
UNTIL A DESIZED THICKMNESS FHOSFHOR
PAETICLELE LAYER 15 ESILT UP.
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HMELUAINES CEN'T FAOTECTIVIE LAVER
FED PHOSFHOR FAXTICLE LAYER
HOWELULI Y ZSCENT SEFGKATOC LAYER
GREEEN FHOSPHOR PACTICLE LIYER
LOHLUIIINESCENT SEPACATOL LAYER

BLUE PHOSFAOR PARTICLE LAYER
GLASS BEAD

NONLUBIAISCEN ] PEOTECTIVE LA YER (LA F
KED FHOSFLOZ PAETICLE LAYER X G
NOMLULIINESCERT SERTGITES LAYER—R, \\
GLEEN FHOSFHOE Fi€TICLE LAYER - SN

NONLURINESCENT SE1TOP z//r{/f"?\ S '
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. 3,275,466
METHOD OF ADHERING PARTICLES 1C A
SUPPORT SURFACE
Ray D. Kcll, Trinceton, N.Y,, assignor to Radio Corpora-
tion of Amcrica, 2 covporaticn of Delaware
Filed May 3, 1965, Ser, No, 457241
22 Claims. (ClL 117--33.5)

This is a conlinuation-in-part of patent application
Serial No. 108,535, filed May 8, 1961, now abandoned.
Both applications were filed by the same inventor and
were assigned to the some assignee.

This invention relates generally 1o a method of adher-
ing particles to a support. The invention is particularly,
although not exclusively, directed to a method of forming
a very thin Jayer of culloidal particles, such as phosphor
pariicles, upon a support surface.

In referring herein 10 colloidal-size particles, no limita-
tion to a particular size range of partticles is intended.
Rather, the term “colloidal” is used herein in its broad-
est sense 1o mean a particle of such size that the surface
properties are dominant over the mass properties; for ex-
ample, where surface forces cause a particle to be sus-
pended in a liquid which has a lower densily than does
the particle.

In some applications, cxtremely thin phosphor layers
arc desired. One type of cathode ray tube particularly
demanding in this respect uses a Juminescent screen com-
posed of superimposed lzyers of different phosphors, each
fayer of which emits light of a different color, In the
operation of such a tube, selective penetration cf elec-
trons into the screen is obtained either by varying the
velocity of a single electran beam or by using a plurality
of differcnt velocily beams to selectively excite the various
phosphor layers to produce color images. Since color
output is a function of screea penctration by the beam, the
superinposed phosphor layers should be thin in order that
screen penetration from one phosphor layer to naother,
and henze color selection, can be clfected with a practical
switching signal voltage, In addition to being thin, the
screen Jayers for such a tube should be of uniform thick-
ness and relatively nonporons in the sense that they should
be substantially free of interstices, holes therethrough, or
cavities therein. Where interstices, holes, or cavities do
exist, or where the layer has a thin spot, some ciectrons
of the beam may pass through cne layer and excite the
next, when in fact, this should not occur, In some forms
of this screen, the phosphor layers are separated by inert
spacer layers which may hav: substantially identical char-
acteristics to the phosphor layeis 2xcept that they are non-
luminescent. Such spacer layers provide belier color sep-
aration with less ¢ritical cantrol requirements.

In addition to thin phosphor layers being uscful in
cathode ray tuSes operating on the screen penetration
principle to previde color images, thin phosphor layers
are also useful ir other tube applications.  For example,
tube applications which require high resolution displays,
such as image tubes and certain oscillograph tubes, find
such thin lavers useful,

Evaporated phiosphor layers have been proposed in an
effert to provide nonporous, thin phocphor layers. How-
ever. evaporated ~hosphor layers are typically relatively
fow n dinht out. toeificionsy. On the other hund the
refa e ehix Long phosphor lesers of sediment. ry-
size puarticiey, su e contoonly made by seiding the
particles through cad cushion and onlo a suppott sur-
face (substrate), . not saitable for such thin layers be-
cause of the refn iy jarge size of the phosphor particles,
The targe size - -:phor particles are themselves larger
than the desirec yer thickness.  Moreover, sinch layers
~f -adunentary cticles are inherently porous due to the
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Jarge interstices between particles, which are loosely
packed,

1n addilion to the layers deseribed abnye, thin uniform
layers of particles of other electrenically-active material
ar: needed in a multitude of applications.  For example,
layers of magnelic, pholcconductive, ferroclectric, clec-
trically-insulating, clectrically-condacting, and clectron-
cmissive particles may be desired.  As with phosphor
particles, sedimentary-size particles may be too large,
while vapor-deposited layers may be lacking in some im-
portant characteristic.

An object of this invention is to provide a novel method
of adh>ring particles to a support surface.

Another object is ta provid: a novel method of prepar-
ing thin, uniform layers of particles upon a support sur-
face.

A further object is to provide a povz! method for pre-
pering thin, light-transmiiting luminescent screens com-
prising one or more layers of phosplor particles, which
laycrs are characierized by relatively unifoim thickness
or surface-ta-surface dimensions and nonporous texture,
and which have relatively Nigh light outgut eficiency.

" Another object is to provide a ncw method of making .
luminescent screens which comprise one or more L. ers of

tightly packed phosphor particles.

: Generally, the novel method may be used to make a
structure including the clements of: (a) a suppor surface
and (b) particics. The suppori surface may be an ex-
tended arca of generally planar configuration or may be
the surfaces of purticles which are many times larger than
the particles to b2 adhered to the support surface. The
support surface may be the surface of a structiua! mem-
ter or may be the surface of a layer adhered, cither di-
rectly or indirectly te a structural member, 2s in a mul-
tiple layer embodiment. Any particles which are insol-
uble may be used in the novel method, .

By the novel method, one caly of the clements, either
(a) the support suriace or (b) the particles, but not both,
is coated with a particle-adsorptive material; for example,
gelatin. Thea, the coated element is washed in a solvent
for the coated material until substantially no cozting ma-
terial can be washed {rom the coated element, thus leayv-
ing an adsorbed film of the material on the element.
Then, the support surface is contacted with a dispersion
of the particles in a quantity of liquid, the liquid of said
dispersion being sabstantially free from particle-adsorp.
tive material, whereby particles from the dispersion ad~
here to the support surface., The remaining dispersion
is then washed away,

The process may be repated as many times as desired
16 build up the thickness of the particle Jayer, provided,
in cach cycle of ihe process, an adsorbed film of material
is present on one, but not both, of the elements, In one
form of the process, the suppert surface is coated with
the particlz adsorptive material, washed, and contacled
with a dispzrsion of unceated particles, and then this se-
quence of steps is repeated,  In another form of the proc-
¢ss, two dispersions are prepared; one a dispersion of patr-
ticles that have been coated with the particle-adsorptive
material and washed until no further material can be
washed from the coated particles; and the other a disper-
<ion of urcoated particles. The support surface is con-
tacted with the one dispersion, is rinsed, is contacted with
thz other dispersion, i~ rinsed, and then this sequence of
steps is repeaied,

My invention may be weed as a method of laving Jown
a Jayer of phosphor particles to provide a novel lumines-
cant screen by the use of particle-adsortent films to which
phasphor particles =il be attracted and adhere. Such a
film is interpased between a support surface and phosphor
particles which are to be formed intq a layer on thz sup-
port surface. The support surface may be that of a face-
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: ‘rm potlicles on which the phoephor plm- electrede 26 Ly a (ermical mcans sealed through the
ser oo ferned, The methsd may, for exanple, {onel 16 and sehamuatio iy represeated by the arrow 28,

pooactioed cither by forming such a Nt on the sappert
face aad then bathing it with o ligind disper:ion con-
aing the laver-forming phosphor particles, or else 1he
a may be formed on the laver-forming phosphor par-
es themeelves and then the support surface bathed witn
iquid dispersion of the filmed phosphor particies, In
tee case phosphor particles adhere to the support sur-
¢ in a Iaver-like deposition.
According to one embodiment of the method of my
ention, a support surface such as a glass faceplate is
sered with cuch an adsorptive film. The RIm is then
vered, such as by bathing, vith a liquid dispersion of
osnhor particles,  This results in partizles adhering 10
» film. The excess dispersion is then removed. These
‘ps may be repested any number of times to build up a
ver of phosphor particles to any desired thickness,
Uding the method of iny invention, a luminercent screea

ay be prerared which comprises 2t least one layer built

vof onz or more depositions of clasely pucked phosphor
wticles. The particles arc ¢nu~ed to adhere to each other
1d ‘or 10 a support surface by extremely thin films, such
 relatin films, interposed therebSetween. The screen is
ibstantially free of interstices which are of the same
rder of <ize as, or larger than, the phosphor parlicles
iemselves, the layer being tightly packed and relatively
onporous,  Moreover, because phosphor particles are
<ed, rather than an cvaporated film food light cutput
diciency is obtaincd. Also, by using colloidal-size par-
¢les, very thin layers which are light-transmitling can
& made.
‘The_method of the invention may be used to prepare
wmingscent screens suitable for use ia pcntranm type
athiode ray tubes. Such screens may comprise a super-
nposed plurality of such phosphor particle layers in
sither: (1) extended layer form, or (2) muitiple coated
wrticle form.  In extended layer screens each of the
urerimposed phosghor layers extends completely over
aceplate of the tube, In screens of muliiple-coated

ies the superimposed 1o. .rs are formed as super-
impased phosphor coatings on each of a mnltiplicity of
mfatively large particies of, for example, glass or other
rhosphar material, which particles are subsequently de-
pacited in a layer over-the faceplate. i

The meihod of the invention and illustrative embodi-
ments thereof are described in detail below in conjunction
with the drawings in which:

FIG. 1 is a Jongitudinal section of a cathode ray 1ube
incorporating a luminescent screen;

~1GS. 2 and 3 are enlarged sections of single layer and

z:vn!ri!a_\‘er screens, respectively, suitable for use in the
tube of FIG, |

FIG. 4 is an enlarged section of a modification of the
multilaver screen of FIG. 3.

FIG. 5 outlines a method of making the screens of
FIGS. 1, 2, 3, and 4;

FIG. 6§ is a soction of a multiplecoated particle;

FIG. 71s a :nodification of the multiplecoated particle
of FIG. 6;

F1G. 8 is a section of a rultilaver Juminescent screen
taving FIG., 7 muluple-coated particles; and
: FIG. 9 is a greatly magaified section of a phosphor
ayer.

in FIG. 1, a cathode ray tuebe 10 comprises an envelope
1t includire a neck 12, a faceplate 14, ana an intercon-
necting fonnel 16, An ¢lzctron gun 18 in the neck 12
i adapted to project a beam 20 of electrons toward the
faceplate 14, The neck 12 is closed at one end with 2
sem o structure 22 throuels which a puarality of lead-ins
24 arc sealed.  Suituble operuting potentials are supplied
e the eleetron gun 18 througk the lead-ins 24, A con-
ductive coating 26 is provided on the inlerna) surfoce of
the funnel 16 and serves ay an azelerating electrode, A
suitable high voltage potential is supplicd to the coaling
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A maenstic dolecaen cob e 300 for eaample, iy provided
o deflecting the eleciron beam 20 10 scun @ raster overs
the faceplate 14.

A Jsminescent screen 32 on the internal surface of the
faceplate 14 comprires ona or morz layers of phosphor
paiticles. The luminescent sc-cen 32 may, for example,
comprise a single Lyer of pasticles for producing cither
a sinnle calor lisht output or white light output,  Alter-
ratively, the screen may comprise a plurality of superim-
rosed layers of phosphor particles for producing light of
differant colors.

The present invention may be used in making Jumines-
cent sereens of a varicty of types, including screens for
black ard white cathade ray tubes and also screens for
nulticolor cathode ray tubes. The invenilon may, for
example, be used in making luminescent screens of the
type prescribad in the copending application, Serial No.
108,565, of D. H. Pritchard eniitled "chtncal PDevices
and Meihods” filed Muy §, 1961,

Where a plural iayer screen 32 is provided and is hom-
barded by electrons of Jifferent velocitics, means may be
provided for preventing raster size distoriion. Such
means may take the form of either a me:h 34 disj osed
transversely within the funrel 16 or other suitabie means,
Where the electrode 34 is used, it is connected 1o the
coating electrode 26 and the tube 10 is operated accord-
ing to post accelerution principles. A separate lead-in
means as indicated schematically by the arrow 36 xs pro-
¥ided for supplying suitzble electric potentials ‘o the
plural layer screcn 22 for efecting color selection. In
the ¢ase of a single phosphor Jayer screen 32, the electrode
24 may be either omitted or else included for the purpose
of obtaining post acceleration operation nnd its attendamt
advantages.

 F1G. 2 illustrate a luminescent screen 38 comprising
a single layer 40 of physphor particles which culd be
used in the tuba 10. The laver 40 is characterized by
having a thicknzes subdantially areater than the size of
the parsicles, thus resulting in a multipartic™» thick layer
free of perforations. Because the particles are, in this
examnple, of colleidal <ize, the layer 40 is very thin and
has zood light fraremissivity. A light-reflective metaf
layer 41 of, for examplz, aluminum, is deposited oa the
phospher Javer 49,

FIG. 3 illustrates a three-layer luminescent screen 48
which is suitable for use in the tute 10 for-preducing
color images. The tuminescant screen 43 comprises
three superimposed layers S0, 32, and 54 of colloidal
phosphor particles. The superimpesed phosphor layers
50, 52, and 54 may be in contact with each other or alter-
nated, as shown, with inert (ncnluminesceént) separater
layers 56 at:d §8. The separator layers £6 and 58 may
comprise, for example, particles of mica, vermiculite, col-
Joidal sifica, bentonite, kaolin, vanzdium rneéntoxids, or
tale, Thess separator layers may be put down in the
manuer hereinafier descritad for putting down the phos-
phor layers 50, 52, and 54. The separator layers 56 und
&8 serve, among other things, to reduce color impurity of
the light cutput. The screen 48 also includes a lights
reflective metal backing layer 59 of, for example, alu-
minuny,

A modification of the screen 48 is shown in FIG. 4
wherein like numbers are u<ed 'o identify tike parts of the
screen 48 of FIG. 3. In FIG. 4 a luminescent screen 66

s shown disposed on the support member 14 and includes

one or more relatively thin and nonporous coiloidal parti .-

cle fayers 50 and 52 superimposed cn a relatively thick,
coarse particle, phosphor layer 62 comprised of largers
than-colloidal particles of, for example, sedimentary size.
As in the screen 48 of FIG. 3 inert separator layers 56
and 58 arc provided betwren adjacent phosphor {ayers,

T and a light reflective metal Jayer 59 is provided oa the

75

phosphor layer 50.
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“Whe sercen 60 of FIG, 4 has, among ohar w0702 The agvoovr selmin colution is preferably adjusted to
st of permitting a choice of roccening fechmg: » 007 R a il of ab & wih the addition of an acid, Various

Inving down of the first phospher Jayer 62, Lor exauwe ’

ple. the well-known settling method van te used.
Because, in the cneration of the tute 10, it is nm neces-

sary that the clectron beam poaetrode through the phos-

phor fayer adjacent the faceplale, that layer need not bs

extremely thin or nonporous.  The porosity of the coar. @ )
) r

particle layer 62 muy be zreater than that of the two
lavers X9 and S2 nearest the clectron gun of the tubke,

Ia a Juminescent screen of colloidal phosplior particles,
good light output can be obtained frem thin, yet non-

porous, phe pher layers. For example, good light out-

put has keen ortained from a 3-layer screen 48 having a
total thickress of a few microns, o
In laving down a phosphor particle layer, the novel

mcthod tses films of particie-adsorptive materials havirg o
protective enlloid properties.  Some examples of protec- ..

tive wolloid materials which have been suceessively used
are pelatin, polyvinyl alcohiel, and certain modificd
stzrohes. such as thut sold by Hercules Powder Company
and derignated by the trade name “Ceron-N.". Many

other muterials are known which have protective colloid -

nropertics and which may be useful in practicing this
invention, ) T
The protective colloid, as emplayed in this iavention,

when applied to either (but not both) the phospher narti-*
cles or the substrate on which the particles are {o he de-"
posited, results in obtaining the desired degree o7 afdinity

and adhésion between the particles and the substrate,.

_* CONTINUOUS EXTENDING LAYERS -

FIG. § outlines a method for making a thin pﬁ:;s‘;*;h('jr'"'

screen such as is illustrated in cither of FIGS, 2, 3, cr 4.

In accordance with the outling of FIG. £, the adweitent =
flm cxn le interposed tetween the -particies and their -

support surface either by: (1) the filmed substrate meth- -

od wherehy a suprort surface is coatad with an adserbent
fi'tm and then bathed with a dispersion of unfilmed parti-
cles, or (2) the fitmed particle method whereby each
particle is coated with an ad-orhent film and an unfilmed
suppor, surface is then bathed with a dispersion of the
filmed particles. Sy

N LrYs
E i

FILMED SUBSTRATE METHOD

To muke a single phespher layer by the filmed sub-
drate methed such as the laver 40 of FIG. 2, an adsorb-
¢nt 'm0 which phosphor particles in a liquid disper-
sion will become attached is first provided on a support

surface, sich as the glass faceplate 14, Such a film may -
te rrovided by introducing a quantity of a soluticn of &~
suitable material having protective colleid properties in a

solvent therefor, e.o., a salution of geiatin in waler, inio
the envelope 11 to thus bring it into contact with the
internal surface of the faceplate 14 so that the faceplate:
is completely coated with a film of gelatin, The excess
of the solution is then removed from the envciope by
pouring it off, . ‘
“Ths interior of the cnvelape is then washed until sub-
wtantially no parlicle-adsorptive material can be washed
from the cnvelope.  In preparing a gelatin film, sereral

washes of water insures that ail gelatin has been removad.

except the film of gelatin that is adsorbed on the intericr
ghiss surface of the cavelope, L

I have tound a solution of approximately 0.1 percent
pelatin in water preduces an eacellent adsorbent film, I

h-ave chtained satisfactory results with a concentration as -

lew as 0.01 percent and as high as 10 pereent gelating
When the concentration is mage Jess than Q.07 peresy,

impractically large quantities of the pelatin solution are.
required,  On the other hand, gelatin concealrniions -
much greater thoe 10 peicent present a processing prob- -

lem because of stanilitv and viscosity of the gelatin solu-

asids ean te uied: glacial acctic acid has been found to

be suitabls. The degrec of ocidity, ie., the pH, has not
g been found to te critical, except that too strong an geidifi-
cation, ¢.g., a sciuiion with a pIi of much less than 3, may
be detrimentz] 1o sorie phosphor materials, The acid
appears to ircrease the affinity of the adsorbent gelatin
. film for the phosphor particics which arc subsequently
30 brought into conact therewith,

Alternativels to, or in combination with, the adding

of acid to the zgvzeus gelatin solution, an adsarbernt fitm
the support surfzce (faceplate 14). The acid bath may
15 be performed by introducing a quantity of a suitable acid,
for example asetic acid, into the envelope 11 ard slosh-
ing it over the aJsorbzat film on the surface of the face-
plate 14. The excess acid is then poured off,
Following the acid bath, or the acidified gelatin applica-
<0 tion. as the cass may-be, a water bath step is used. Water
. is introducad into the envelope 11 and thoroughly sloshed
" over the filmad faceplate 14, The water is then poured
cif. The water tath step serves the purpose of removing
surplus gelutin which is not in actual adherent contact
with its support surface. Also, the water bath acts to
remove excess acid left on the adsorbent gelatin film.
 .-After pour-off of the water bath, the faceplate 14 is
preferably spun to throw off all excess water. The ad-
sorbent film can Se dried to set the gelatin if desired.

-]
[

30, However, this is nct necessary.

Following the spinning off of the water, a dispersion of

" the desired phesshor particles in a suitable liquid, such
“ a5 water, is intreduzed into the envelope 11 to bathe the
5. gelatin filmed sut-trate, If desired, the phosphor disper-
‘33 sion may be aciZifed as horeinafter described. A suffi-
ciant quantity of the dispersion is'used to insure pood
covarage of the S1mad surface of the faceplate 14. When
the fum of the gelstin solution is covered with such a

“phosphor-inwater dispersion, phosphor particles become .

4n attached to the fiim in what is believed to be essentially
" a monoparsticle ¢ deposition.  Inasmuch as seitling is
© not the principzl zction whereby the phosphor yarticles
are deposited on the substrate, no harm results from agi-
tation of the phosrhor dispersion bath, and an agitated
washing or bathing with the phosphor dispersion is the
2 preferred procedure.  The method of my invention is
distinguished from settling techuiques in that the washing

- with the phospher dispersion, whether agitated or not, is

s normully performed for a period of timz, much less than
50 would be requir:d for a vsciul number of phosphor par-

‘whisnee of any agitetion, . ]

Dispersion media cther than water may be used, if
desired. T prefer to use a phosphor-in-water dispersica
containing snbmizroa size phosphor particles in a concen-
tration of anproximztely 10 to 30 milligrams of phosphor
for each cubic certimeter of water to produce the desired
adsorption action.  Higher or fower phosphor concentra-
tiorns than about i0-30 mg./cc. can be used. Generally
speaking, the more concentrated the phosphor dispersion
the preater the rate of adsorpiion. Phosphor concentra-
tions substantially *ess than 10 mg./cc. v in undesir-
ably slow adsorpticn rates; phosphor disp " .a concen-
trations substantizliv greater than 30 mg . v result in
05_‘diﬂ”u_:ul:ic_s 9[ ceniri cing; and rcdispcrsing.!he phosp'or

particles.  Fhesphor particles up to three microns in size
and Imger have bzzn deposited in la ers by the method
-of this invention. : .
Alter the phospher dispersion has thoroughly contacted
3 iy edsarbont getaziz film, the excevs diipersion is removed
Ly pouring ofl. Fellowing pour-off of the phosphor dis-
rersion, the-rhosyhor layer adhering to the adsorbent
" gelatin may be given a waler wash to remove any excess
phosphor maderial waich is not in adicrent contact with

a0
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i i3 of phocphor particles should contain
ro an-resable amount of the adsorbent film-forming ma-
teriald, viz, gelatin in the process being described. I some
of the adsorbent material were to te preseat in the dis-
persion, then the phosphor particles would become couted
therewith,  As a conseqitence, both the phosphor par-
ticles and the support surface (faceplate 14) would be
suntlarly coated and present the same type surface, Thus,
no adsorbent altraction would take place

The processing steps as described above result in a thin
gelatin film and a layer-like deposit of phosphor particles
therecon, The layer of phosphor particles is substantially
of moneparticle thickness., After a sufficient pumber of
pnosphor particles have bezn adhered to the pelatin film
to produce a certain particle concentration, further phos-
phor deposition on the gelatia film substantially ceases,
For some zpplications such a deposit of phosphor particles
is suflicient. However, for other applications denser or
thicker phosphor lay:rs are preferred.

The rasticle density may be increased by adding to the
above-described meihod a series of alternate acid and
prhosphor dispersion washes,  Substantially complete cov-
erage of the substrate can thus be obtained. Fach acid
wash acts to renew the affinity of the gelatia film for
additional phosphor particles so that further adsorption
can take place.

Acid washes with acetic acid solutions having a pH of
about 4 muy be used in making the alternate acid washes,
I have further found that several, for example three or

four, of such additional acid washes and phosphor dis- 3

rersion washes appear to produce maximum density of
the monoparticle ihick phosphor deposit on the geletin
film. Additional alternate acid and phosphor dispersion
washes deposit few, if any, phosphor particles onto the
pelatin film.,

As an allernative to the  bove-described alterpate acid
and phosphior dispersion washes, particle density may be
increased by acidifying the original phosphor dispersion,
ie., giving it a pH less than 7, either before it is applied to
the gelutin-filmed substrate or while the dispersioa is still
ia contact with the filmed substrate. For cxample, I have
foand a pH of about § to be saitable. Too great of an
azidification of the dizpersion, e.g., to a pH of much less
than 3, may detrimentali, affect the phosphor material,
By this sm}phﬁ% proccdurc, sufficient number of phos-
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phor particles can be adsorbed from a single phesphor |

dispersion application to produce a dense monoparticle-
thick phosphor particle sublayer of subs!an!ia”y the same
density quality as that produccd using a scries of altemate
acid and phosphor dispersion washes,

Thicker phesphor layers may be obtained by following
either one of {wo procedures. For exampls, thickness of
the layer may be built up by alternately repeating the pela-
tin and phosphor dispersion washes. Teachings regarding
wafer washes and proper pH adjustment of the gelatia solu-
tion according to the method steps set forth above are
followed.

Alicrnatively, the thickness of the phosphor particle
Tayer may be built up in the form of superimposed sub-
fayers of particles. By this alternative procedure, a dense
monoparticle-thick sublayer s first Iaid down on 2 gelatin
filmy by following cither the alternate 1cid and phosphor
dispersion wash steps or the simplified phosphor disper-
sion acidification procedure as described above. After
onc such sublayer has been laid down, it is given a water
wash, A secend gelutin film is thea applicd on top of
the fir<t sublayer and then a seceond dense phosphor par-
ticle subtloyer is deposited onto the second gelatin filem.
This procedure may be repeated any desired number of
times to superimpose any dzsired nundber of dense phos-
phor garticle sublayers.

In order to insure adhcrence of th: phosphor pariicles
to each other and to their snpport surface after the re-
sulting screen iy finish-proceqsed into a cathole ray tuve,
viarious alterpative means car te cmyp oyed. For cxam-
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ple, the depesifen phosphor Tayee or lavers can be given
a final wash with asificate sohition, ¢, 2 2 porcent polas-
sivm silicate selation,  Nocubsequent water wash is neces-
sury, or in fact desived, lest the silicale be remoeved.
Alternatively, the pho.rtor lavers ean be washad with a
gelatin handener such as a sma!l ammount of 2 percent
chrome alum or a 37 percent formardchyde solution,
after which the screen may be given a water wash,  If
desired, an additionz]l ceating of gelatin can be applied

just before the formaldehyde or chrome alum wash, -—- -

Another aliernative procedure for improving adherence
is to apply to the substrate after application to the sub-
strate of a phospher dispersion wash and before applica-
tion to the substrate of a subsequent additional gelatin
solntion wash a dispersion of cxtremcly fine particles
which are smaller than the phosphor particles being laid
down, The extremely fine particles are preferably—
though they need not npecessarily be—luninescent and of
the same phospher as that of the phosphor layer being
Inid down. [ have found that colloidal silica may be satis~
factorily used for the extremely fiue particles. Such fine

. particles are adsorbed by the gelatin film between the

phosphor particles and rct both to better secure the phos-
phor particles to the azlatin film and to improve packing.
This procedure for improving adherence is particularly
uscful in combinatioa vith the above-described simplified
procedure of phesphor dispersion acidification for obtain-
ing dense monoparticle-thick sublayers, I have found
that by uacidifyinz a 30 mg./ce. phosphor dispersion, sub-
stantially all of the phosphor particles will be removed
therafrom and adsorbed on the gehun film, Thus, a dis-
rersion of the extremaly fine particles, e.g:, colloidal silica,
can be applied 1o the thus resulling phosphor sublayer
by leaving in contact with the substrate the dispersion
medium (water) of the phasphor dispersion from which
the phosphor parlicles were removed and dispersing there-
in a quantity of colioidal silica to provide the dispersion
of extremely fine particles, This procedun, for improv-
ing adherence can be used in licu cf, or in combhination
with, the zbove-described alternative progedur:.s of wash-
ing with potassium silicate, chrome alum, or formalde-
hyde,

A speeifiz example of making a screea of the coutinu-
ous extending layer type by the filmed substrate method
will now be dcscnbcd

Four grams of gelatin arc added to 400 milliliters of
water, This is agitaicd and then allowed to stand for
thirty minutes. The gelatin-water solution is then warmed
to 60° C. and mainiained at this temperature for 15 min-
utes.  This insures that the gelatin will be completely dis-
solved. This 1 percent gelatin solution is used cither as
is or is diluted as hereinafter speciried.

A tlue emitting phosphor laver of zinc sulfide activated
with silver (such as used in the commercial color kine-
scope 21CYP22) is laid down on the faceplate as fol-
Twenty grams of the blue phosphor is given two
washes in separate 250 milliliter quantitics of water, With
each wash, the phospher is agitated in the water, permitied
to settle for a fow minutes, the water and fine particles
suspended therein decanted, and the remaining setiled
rhosphor recovered for subscquent use. The recovered
phosphor, together with 0.06 gram of sodium pyrophos-
phate is dispersed in another 250 milliliters of water, The
rodium pyrophosphats serves lo prevent agglomeration of
the phosplior. particles during a subsequent bali-milling
thereof.,

The phosphor dispersion is thzn subjected to a ball-
milling for 72 minu.2s, then diluted with another 250 mil-
liliters of water, and centrifuged at 1800 r.p.n. for 16
minutes.  All particles btelow approximately 0.4 of a
micron in diameter tozether with the excess of sodium
pyrophosphote and water are discanded.  Particles of
approximately 9.4 1o 5 or 10 microns are recavered from
the centrifuged material for subsequent use.
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Some of the 1 percent celatin selution is adjusted by
the addition of glacial azetic ac'd to bring the solution to
a pH of appro«imately 4. A standard 21 inch rectanguiar
faceplate pancl is then coated with a film of this gelatin
solution by covering it with the solution and gently tilting
and spinring it tc slosh the solution thercover. The
gelatin-coated faceplate is then washed with a flush »f
water. The gelatin coating step is then repeated to insnre
that the faccplate will receive a complete coverage with
gelatin,  This Jdoes not, however, act to provide a thicker
gelatin coating on the faceplate.

The gelatin-coited facenlate is then covered with water
to a depth of about 2 inches, Five grams of the centri-
fuped blue phosphor powder are dispersed in 500 milli-
liters of water and sprinkled over the surface of the water
in the faceplate, This is allowed to set for about 1S min-
utes, then moest of the water is poured off, The remaining
water and phasphor particles are then agitated by slosh-
ing the dispersion over the {aceplate by gently tilling and
spinning the faceplate.

Ader a layer of the blue phasphir particles is adhered

to the gelatin-filmed faceplate, the phosphor layer is
washed with water to remove all louse particles ther:from
and then coated with a 2 percent potassium silicate soly-
tion to improve adharence. The faceplate is then et oa
its edge and allowed to dry at room temperature,

The above-described gelatin, phosphor, and silicate coat-
ing steps are repeated once so as to produce a desired
thickness layer of the blue p‘\osphor particles on the face-
plate.

A first separator layer of vermiculite is then laid down
on the blue phosphor layer as foilows. Two-hundred
fifty miliiliters of standard comnmereial expanded vermicu-
lite (such as that manufactured und sold by the Zonalite
(‘o'npany of T .:nton, New Jersey, and designated Terra-

Lile) is added to 250 milliliters of water and raixed in &
“Waring" household-type blender for 30 minutes. Tae
vcmncuhle -water mixture is ther centrifuged for 10
minutes at 900 ».p.m.  This leaves ia suspension vermicu-
lite particles, the Jargest of which have a mass equivalent
to that of about one micron spheres. However, tie
vermiculite particles are actually flakes with the greatest
dimension of (he largest ones probably being about ten
microns. This suspension s then concentrated by furtter
cm*rrfurmg for one hour at 180y 1.pun. to produce a con-
certration of about 18 milligrams per milliliter,

The faceplaie is then again washed with the 1 percent
gelatin solution having a pH{ of about 4 and thea with
water as before. The faceplate i3 then covered with the

vermiculite suspension and soun ai about 150 r.p.m. to.

provide a uniform depth of the vermiculite suspension
over the surface thercof. After 15 minutes, the vermicu-
lite suspension is removed and the faceplate is washed
in waler to remove all vermiculitz particles not sccurely
adhered to the gelatin film. Some particles of the ver-
miculite are, however, left adhering to the gelatin film
on the blue phosphor layer. These steps of washing with
gelatin solution, water, vermiculite dispersion, and water
are repeated to provide § applicatiens of vermiculite poar-
ticles to vroduce a vermiculite layer having a total weigit
of about 0.17 milligram per square centimeter,

A green emitting phosphor layer of zinc orfnosilicate
activated with manganese (scch as used in the commer-
cial color kinescope 21CYP22) is then l0id down en the
first separator Jayer as follows, Twenty-five grams of the
green phosphor are added to 250 millditers of water and
ball-milled for 74 hours. This is then ailowed (o «:ltle
for 48 hours and the top ¥ cf the cuspension remone s for
subscquent use.  This produces a dispersion of green
shospher particles which are not larger than about cne
half micron in size,

The faceplate is then washed with a 0.1 percent gelat'n
solution and then given a walter wwash to remove 21l ex-
w=s ~f ke oalatin leaviag 2 thin gelatin (ilm thercon, The
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faceplate is 1‘wn dricd to sot the gelod 1' and then given
znother w. »r wach, and spum to 12move be adeess waler,

The faceplate is evered sith the g cen phosphor suss
pension ﬂnd agitated by t"xmumg in a manner s hereins
bcforc deserited in praviding the vermiculite iayer. The
excess of the green phosphor suspeasien is removed from
the faceplate and the faceplute washed with waler {0 re-
move 100s¢ nonadhering green phosphor particles.

The steps of washing with gelatin sojution, water, preen
phosphor disparsion, and water are repeated to provide 6
applications of grecn phosphor particles ta produce a layer
having a toial weight of atout 0.29 milligram per square
centitneter, This gresn phosphor layer is then washed
with a 2 percent poiassium silicate solution and drica.

A second vermicuiite separator layer is then applied to
the green phosphor layer in the same mannor as the first
separatar was applied to the blue phosphor layer, except
that a 0.1 percent gelatin solution is used. Three applica-
tions of the gelatin and vermiculite particles are applicd as
before to preduce a separator layer of aboat 0.14 milli-
gram [er squary eentimeter., After the last application of
verriiculite particles is made, the surface is washed with a
2 percent solution of potassium silicate,

A red emitting phosphor Iayer of :ﬁnc-mngn:simmcnd-
mium-silicatz phosphor activated with manganese is then
faid down on the second separator layer as follows: a
13.65 grar quanlity of this red phosphor is mived with
273 milliliters of water and ball-milled foc 70 hours.
This phosphor water mixture is allowed to settle for 96
hours ard the top 33 recovered for subsequant use. This
produces 3 dispersion of red phosphor particles whick are
not larger than about one-half micron in size.

Six applications of gelutin and red phosphor each are
faid down on the second vermiculite separater layer ia a
manner similay to that used in laying down the green
phosphor layer. The six applications of the red phos-
phor particles produce a layer of about 0.35 milligram per
square eentimeter. ‘The red phosphor layer is then washed
with a 2 percent solution of potassium silicate. The face-
plate is then drained and dried at room ‘emperature.

The faceplate having superimposed biue, green, and
red phosphor layers is finally aluminized according to
kriovn techiniques. A 1ilm of nitrocellulose is spread over
the red phaspher Tayer by floating it on a pool of water
and then decanting the water out from under it. A luyer
of aluminum is then evaporated onto the nitreccllulose
film. The coated faceplate is then acsembled into a
finished cathode ray inbe along with the other parts tsere-
of and subjected to the usual bake-out and exhaust and
other tube processing steps commonly employed in the
industry.

Filmed particle methed

To make a single phosphor layer, such as the laver 40
of FIG. 2, by the hlmed particle mcthod there is first ap-
plied to each of the individual phosphor particles an ad-
sorbent coating which will have an altraction to a support
surface, such as the fuceplate 14, The phosphior particles
to be so filmed may be bathed with a gelatin in water
solution. The gelatin solution may be similar to that de-
scribed in the laving down of particle layers by the filmed
subsirate method. The phosphor particles are agitated in
the gelation solution for a short peried of time and then
removed from the gelatin solulion and thoroughly washed
to remove z2il now(h‘,rmg gclatm therefrom, Fach in-
dividual p'\mckz is couted with a thin film of gelatin.

The geiatin-filmed phospher particles may then be de-
posited on a support surface such as the faceplate 14 hy
first disgersing the iilmed pliosphor particles in water asd
toca brtRing the faceplate 14 wit’m the dispersion, Siacz
the selatin film on the particlss 35 adsorbent, the fied
particles will be altracted to and adsorbed by xhc £1,V05
surface in 2 monoparticle thick layer thereon. The ior-
oueh washing of the filmed particles referred lo above is
1o prevent exzess nonad!unng gelntin from contaiiaat-
0z the subscquent deposition dispersion L' allow cuch
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s wounld reandt in both the particies and the
arioce beina tliasd with gelatin thuy preventing
saor adsorptive altraction,
wording to one example, a filmed particle sublayer
ovided as {ollows. A 1.0 pereent solution of gelatin
ater is adjusted to a pH of 4 by the addition of zlacial
© aeid. fhe phosphor particles to be filmed are
od Zu a container together with the gelatin solution
aoitated for 10 to 15 minutes. The dispersion of
phosphor particl:s in the gelatin solution is then per-
ad to setde if the pe-ticles are sufficiently Jarge. If
particles are too small to seltle, the dispersion is cen-
wwed. The excess pelatin solution is thus removed
n the coniainer. The remaining particles are then
:oughly washed by agitating the particles in the con-
er along with four or five separate quantities of wash
er. Tte filmed particles are cliccked as to their free-
n from all unadhering gelatin by using test samples
reof to determine if the particles, when dispersed in
an water can be adsorbed from the dispersion onto a
an support surfuce.
Each washing of the filmed particles is performed by
persing the particles i an amount of water to provide
soncentration of about 50 milligrams of filmed particles
» vach cubic centimeter of water.  When a test of one
such dispersions resulls in good adsorptive action, the
spersion is then used for the application of the phosphor
-rticles to a support surface by the filied-particle ad-
rptive adherence method,
The particle density and/or thickaeess of the deposited
yer may be increased by repeating the deposition cycle,
ince the depotited particles in the filmed particic method
ave a parlicle-adsorptive film thercon, they will not
tract additional filmed particles. However, unfilmed
articles will adhere to the filmed particles. Thus, a
wver may be built up by contacting the support surface
(ith a dispersion of filmed pariicles, rinsing, then con-
~cting the suppert surface with a dispersicn of unfilmed
.arlicles, rinsing, and fiwen repeating this scquence of
Aeps.

MODIFICATION OF THE METHODS

Because a phosphor layer may comprise sublayers of
rhosphor perticles, in order to obtain a relatively uni.
fonnly ihick phosphor layer, it becomes desirable to pro-
vide relatively uniformly thick sublayers. If the phos-
phor particles from which the sublayers are made range
creatly in size, then a given cublayer may be rclatively
ronusiform in thickuess. Should a thick portion, as pra-
vided by a relatively large particie, of oue sublayer chance
o exactly overlic a correspondingly thick poriion of the
adjacext sulayer, then a thickened pottion of }he result-
ing phosphor fayer results. Although, stalishcally,‘t_he
occurrence of such a possibility is low, such peossibility
can be minimized by providing the phosphor particles
within a relatively small ranse of sizes. With respect to
nposuniform layer thicknesses, the size range is such as
to include large particles or small colloidal particles be-
couse the runge of particle sizes is more jmportant than
the abolute particles sizes. The rangs of sizes of the
rhocphor particles s maintained within einimum practi-
cal Hanns. I have found particle layers to Le of quite
wniforin thickness where a subsiantial portion of the
sinuliest particles are not less than about one fourth the
size ot the largest particles. The practice of Limiting
the range of the particle sizes is applicoble to either the
filmed  substrate or filmed particie ncthods of the
invention. '

In accordance with a modificaticn of the method, both
phosphor layer thickness uniformily and nonporosity
can br improved. Such modification involves a change
only in the sicp of bathing the support surlace with the
nhor pbor dispersion, A
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‘The support surface is first hathed with a first disper-
sion containing phosphor perticles of iven sizes. This
bathing with phosphior dispersion is hiooulod in the usual
way as horeinbefore descrived. i may involve cither
the filmed substrate or Glmed particle methods of the
invention.  After bathing with the first dispersion, the
suppost surface is tathed with a seccond dispersion cen-
taining smailer pihosphor particles than szid given sizes,
An acid v.ash may be vsed to promote adherence of phos-
phor particles from the sccond wash. Bothing with the
smaller particle dispersion serves to fill in the interstices
between the previously applied larger particles, thus
reducing porosity and improving sublater thickness uni-
formity. Because no adsorbent is applied to the support
surface between the baths with the firs? and second dis-
persions, the smaller particles will adhcre only where a
large particle has not already adhered to iLe support
surface. There will be substantizlly no build-up of the
smaller particles on the larger particles.

In practicing this two-size particle modification of my
inventicn, the earlier descrived preferred practice of asing
a small range of particie sizes in the phesphor dispetsion
can be advantageously used with respact to both the first
and secound dispersions.

MULTIPLE-COATED PARTICLE LAYERS

The screens so far-descrited have beea of the extended

layer type, which comprise a phosphor layer extending

continuously across an entire substrate or faceplate. In
the case of muliilayer screens for penetration-type
cathode ray tubes, a plurality of such layers are super~
imposed. However, instcad of f{orming multilayer
screens in this way, they may, according to other features
of this invention, be formed by firsi cozting base particles
(which serve as inner bodies), such as minute glass beads
or pariicles of phosphor, with separator and other phos-
rlhor layers, and then depositing these ccated base parti-
cles oa the cablsirate in an extending continuous layer.
Such screens, wherein phosphor layers are superimposed
on individual particles, are, for some ¢onsiderations, pre-
ferred forms of multifayer screens,  Such screens may be
referred to as multiple-coated pariicle scraens.

Luminescent screeas for penctraticn-iype Kinescopes
as herein disclosed, whether of the extended Inyer type or
of the muliple-coated particle type, inay be tonsidered
as comprising a muliiplicity of fractioral areas of super-
imposed phosphor layerc. In the case of mulliple-caated
particle screens, such ¢ fractionai area may comprise one
ar more of the muitiple-coated particles.

FIG. 6 illustrates one form of luminescent material
wherein glass pariicles are used as the tases for the sev-
cral phosphor layers, The beads vorrespond to the sup-
port surface or substrate that was ine buse for screens
hereinbefore descrited.,  The beads vsed may, for ex-
ample, be a'.out 40 microns in diameter. For example,
in FIG. 6§ a mmnltiple-coated particle comprises a glass
bead 70 which has formed thereon, in ihe order named:
a layer of a first phosphor 71, a first noniuminescent sepa-
tor layer 72, a layer of a second phospher 73, a second
noniuminescent separater layer 74, and a layer of a third
phosphor 75. The first, second and third phosphors each
emit light of a color different from the others. Thus, an
elamental multifayer screen is formed o each bead. If
desired, a third nonluminescert layer 76 may be applied
over the outer phospher layer 75 10 protect the particles
during subscquent handling and screza-making opera-
tions, . 4

Instead of using a nonluminescent glass bead as the
base und support surface for the severzl phosphor layers,
a phospiar particle itself can be used for this purpose.
In such case, the base phosphor particle serves not only
as the base support surfare but is suitably chosen to serve
also as the first phosplior layer, correspoading to the layer
71 of FIG. 6, This is lustrated in FIG. 7.
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s maktiple-conted
. e s : ‘:w‘“ SO0t a
Chemed tacean, in the order :a ﬁx t nouiRii-
n‘.ml.( kcpxn!or fayer B! a Kn)ur 2 of a wecond phos-
rhor, a sccond nonluminescent separator layer 83, a layer
84 of a third phospior, and a third nonluminescent layer
85 to scrve as a protective couting. The particle £0 may,
for example, be from 5 1o 40 microns’in size. Each of
the three phospliors laminesces in a diftereni color.

FI1G. 8 illusirates a multilayer luminescent screen made
of the mull.plc -coated phosphor particles of FIG. 7.
Because of the relativety small size of FIG. 8, the plu-
rality of coatings on the muluph. coaied p'\rhclcs thereof
arc represented schematically., The same gencral type of
screen may be made from the multiple-phospher-coated
glass beads of FIG. 6.

The screen compriscs a layer 91 of coated phosphor
pariicics deposited on a substrate 92 such as a faceplate
of a cothode ray tube. By way of example, the layer 91
is shosn to have a thickness of substantially two particles.
A screen thickness of twe or more multiple-conted par-
ticles reduces the possiblity of nonluminescent area spots
in the screen.  Each multiple-coand particle forms in
effect a minute muliilayer screen complete in jtself which
constitutes a minute fractional area of the entire screens

An organic heat-decomposable film 93 is laid down
over the coated particles. This may, for example, be of
nitroceliulose or methyl methacrylate, An aluminum
Tayer 94 is evaporated onto the film 93. The film 93 is
then removed by volatilization and exhaust during tube
bake-out and exhaust. The steps of providing the heat-
decomposuble film 93 and the aluminum layer 94 may
be simdar to those used in the manufacture of other kinds
of cathade ray tubes,

The multiple coalings of either the coated glass beads
69 or the coated phosphor particles may be applied using
the gencral steps of the methods as hereinbefore de-
scribed.  That is, the ccatings may comprise layers of
particles applicd by the surface adsorption principle using
films of protective colloids to provide the adsorptio:.
Morcover, adsorption applied layver coatings on base par-
ticles may be applied by either the filmed substrate (basc
particle) or filmed particle methods of the invention,

The phosphor and separator miateria! particle disper-
sions showid contain particles of a substantially smaller
siz¢ than the glass beads 70 or base phosphor particles §0.
Preferably, the dispersions contain phospher and sepa-
rator particles of colloidal size, and base glass or base
phosphor particles are of about 40 microns in size,

The steps of coating cither the glass beads 70 or base
rhosphor particles 80 are essentially the same, The ex-
coption is thet the glass beads 70 are given a first phosphor
cauting whicht it not pecessary when phosphor particles
themselves are used as the base and support surface for
the multiple coating layers. The steps of applying the
contings are substuntiaily the same as those used 1o lay
down extealding continuous layers directiy on a faceplate
except that tbe particle adsorption steps are carried out
in a contaiaer other than the cathode ray tube bulb to
be vsed for finisked product.

In an cxampie of making a multiple-coated particle
screen, the following description is detailed with respect
to the proluction of the coated phocp‘\or particles of
FI1G. 9. Although this invention is not limited to any
particular order arrangement of the different phosphgr
layers, for convenicnce of deseriptian, a structure of blue-
emitting phosphor base particle with green-cmitting and
red-emitting phosphor layers superimposed in that order
will be described.

In such a struclure, blue phosphor base particles are
first put info a container and bathed with a porticle ad-
sorping linuid, such as a gelatin in water solution. The
mizture §s nzitated to wash the particles with the lquid;
the particles are then allowed to settle; and the excess

houp hor narticle

10

20

30

40

60

05

70

14
on (},L blug r‘*u»rhor p'lrm]cq The adsorbent film s
R i >.er sct fo .
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in water. The water w nh may boorgg “"\1 .«Lum] Limes.

Next, the firzt cepaator Jayer is laid down on the blue
phosphor base particles by a similar bathing or wash pro-
cedure, A suitadla nonluminescent material such as sifica
or mica colloids dispersed in water is put into the con-
tainer along with the filmed blue phosphor base particles.
The materials in the container are a2qitated to coat the
individual phosphor base particles with colloidal separator
particles,  The blue phosphor base particks are then
allowed - to scttie and the cxcess separator dispersion is
pourcd off, The blue phosphor base particles are then
washed in water. Additional «pplications of separator
particles, as desired, may be laid down to iucrease the
separator Jayer thickness. This is done by again bathing
the bluz plosphor particles successively in the particle
adsorbent licuid, water, the seperator dispersion and
water.  As herciabefore detailed, either a plurality of
alternate acid and phosphor dispersion washes or the
simplified pbosphor dispersion  acidification procedure
may be used to produce dense sublayers of the phosphor
deposits.

When the first separator layer is thick enough, the
green phosphor coating layer is applied on the first
separator laver of the biue phosphor base particles. This
is donc in a manner similar to that by which the first
separator layer was applied. The blue phosphor base
particles are subjected to a series of agitated washings in
baths of the particle adsorbent liquid, water, a dispersion
of colloidal size¢ preen phosphor particles, and water,
Suflicient numbar of applications of green phosphor
particles are thus applied (it desired, procedures hercine
before detailed to obtain dense sublayers may be used) to
build up the green phaosphor layer to a desired thickness.,

The sccond separator layer is ihea laid down over
the green phosphor layer in 2 way similar to that in which
the first separator layer was laid down.

Next the red phosphor layer is formed on each in-
dividual coated particle. The red phosphor layer is Iaid
down cver the sezond separator layer in a way similar
to that in which the green phosphor layer was laid down
over the first separator layer. After the final applica-
tion of red phosphor particles, the couted blue phosghor
basz particles are washed in water to remove any remain.
ing louse red phesphar collnids. This final wash step
maay be repeated a number of times, if desired,

After the final application of red phosplior material
has been made, the coated particles may be given a final
treatment tc insure adherence of the phosohor particle
layers. This may be done by washing the coated particles
with a sohition of formaldehyde, chromes alum, or potas-
sium siticate as hereinbefore detailed.  Alternatively, a
final coating of the norluminescert separator material
may be applicd over the red phosphor layer. Either the
hardencd gelatin ¢r nonluminescent separator material
coating serves to avoid any washing away of the red
phosphor layer in the subsequent process of putting the
coated parlicles on a faceplate, Steps used to improve
phosphor particle adherence as hercinbefore described
may optionally te performed at various times througheut
the process of applying the parlicle coatings to the base
particles,

After the finaf coating has been provided, the inultiple-
conted particles are deposited on the faceplate of a
cathode ray tube in any one of a number of ways. For
cxample, they mzy be applicd by cither slurry or scttling
techniqucs. ’I“hx.r. the layer of multiple-coated particles
may be fimed and aluminized as shown in FIG. 8,

The coated pariicies may be stared either wet or dry
until it is desired fo put them on a faccplate.  If stored
wet, ihey simply remain in some of the final wash water,
I7 stored dry, the water is decanted and they are simply

liquid is then poured off leaving a particle adsorbent film 75 dried at, for example, room femperature,
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Onz specific example will now te described for pre-
paring multiple-coated phosphor particles:

Bluc-emitting zinc sulfide phosnahior activated with silver
(commercially designated as Z-20) is used for the base
pacticles on which subsequert phosphor coatings are to
be applied. This phosphor material has a size distribution
ot about 5§ ‘0 20 microns. Fifty grams of this material
are washed in water and allowed to settle, The wash
water together with sny extrancous material suspended
iberein is discarded to leave only the desired 5-20 micron
particle size matenial,

‘These 50 grams of the blue phosphor particles are
then placed in a bottle together with a quantity of 0.1
percent gelatin-in-water solution having a pld of 4. This
is agitated for 10 1o 15 minutes and then allowed to settle
for aboui 5 minutes. The gelatin selution is then pourcd
off leaving the wet blue phosphor particles with a gelatin
film thereon. The gelatin-filmed paiticles are then given
three separate water washes in the bottle to rid them of
nonadherent gefatin material

A first silica separator layer coating is thea applied
to the basc blue phosphor particles as follows:

A dispersion of colloidal silica in water which has
been adjusted to a pH of 4 with glacial acetic acid is
poured into the bottle containing the filmed particles.
‘The silica in water dispersion is of a corcentration of 33
milligrams of silica for each milliliter of water., The
container is agitated for 10 tc 15 minutes and the blue
phosphor base particles then aliowed to settle for about
5 minutes. The silica-in-water dispersion is poured off
aad the blue particles washed three times (o remove al
nonadherent silica therefrom. A deposit of colloidal
silica particles is left adhering to the gelatin-filmed blue
phosphor particles. The sr-cessive washing of the blue
phosphor pariicics in baths of gelatin solution, water,
silica dispersicn, and then water is repeated six times to
build up a layer of colloidal silica particles of about 0.2
milligram per square centimeter.

The silica-coatedt blue particies are then coated with
a layer of green-emilling margancse activated zine
orthesilicate phosphor as follows:

A suspension of the g: en phosphor as described in
the making of extended layer screens is first centrifuged
to leave in suspension particles up to 0.8 micron in size.
This remaining suspension is selected and then further
centrifuzed to provide a concentration of about 20 milli-
grams of phosphor per mililiter of water, Six applica-
tions of green phosphor pasticles are then laid down on
the silica coated blue particles by repeating a series of
gelatin soluticn water, green phasphor dispersion, and
washes in a manner cenerally similar to thz :teps used in
laying dewn the first silica separator layer. A fayer
of grecn phosphbor particles having a total weight of about
0.3 millicram per square centimeter is thus provided.

A second separater coating of colloidal silica is then
deposited on the green phosphor layer. The procedure
is generally the same as was used to deposit the first silica
scparator layer on the blue base particles, with the excep-
ticn that the silica-in-water suspension is adjusied to a pH
of 5.5 and 8 applications are applicd to produce a <ol
loidal silica layer of about 0.2 mulligram per centimeter.

A red phosphor layer is then laid down on the second
s'lica scparator layer using a suspension of zinc-mag-
nesium-cadmium silicate phosphor activated with manga-
ness as described with refercace 3 the making of con-
sinvous exteading layer screcus.  The base narticles are
successively washed by succestively introducing into the
bottle, agitating and removing, washes of a G.1 percent
gelatin solution having a Ph of 4, water, the red phosphor
suspension, and water.  Six applications of the red phos-
““phor are made to produce a layer of about 0.4 milligram
per square centimeler.

As a final coating, the base %'us phosphor particles

: STt Satiam ard then in 2 colfoidal
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Multiple-coated part~le screens offer a number of ad-
vantages. Fer example, the process of preparing the noul-
tiple phosphor layers need not be performed in the tube
fabrication plant. Thus, tute fabricating per se is greatly
simplificd. The coaled particles can bz made beforchand
and a quartity maiatained on hand for use in tube manu-
facturing. Thus, because the phosphur layer processing
is separated from the tube fabrication process, a break-
down of one docs not necessarily affect the other.  More-
over, these separate processes can be carried out simul-
tancously thus lesserung the complete fabrication time of
a finished tube. Moreover, if desired, existing facililies
used in the manufoctvre of bluck and white cathode ray
tubes may be used for laying down the coated porticles.

Another advantage of multiple-coated particle screens
is the case with which they can be made 10 provide color
emission uniformily during operation of the tube. Multi-
ple-coated particles can be casily made with good phos-
phor layer thickness uniformity from coaied particle to
coated particle. This thickness uniformity is in turn pro-
‘vided over the entire area of a screen which is made of
the multiple-coated particles.

PHOSPHOR LAYERS

In phosphor layers prepared by the method of FIG. §,
the articics are essenlially in contacting relation with each
other. No substantial amount of binder material exists
between patticles, The adsorbent filins are cxtremely
thin, even compared io colloidal phosphor particles, and
constitute negligible perceniages of the total mass of the
phosphor layer.

Laboratory examination of both a sublayer of colloidal
phosphor parlicles and an adsorbent gelatin film has indi-
cated that the film thickness is a very small fraction by
weight of the phosphor sublayer. The adsorbert films
are believed to be about 10 to 20 Angstroms thick.

FIG. 9 is illustrative of all or a part of a phosphor layer
built up of superimpnsed dense monoparticle-thick sub-
laycrs. The phosphor layer may, for example, constitute
all or part of the laver 40 of F!G. 2 or the iayer 54 of
FIG. 3. Asshown n FIG.9, the layer compriscs three ad-
sortent gelatin films altzrnated with three dense phosphor
particle sublayers of the same phosphor material which
have been laid down by the filmed substrate method using
alternpate acid and phosphor dispersion washes. :

In laying down the layer of FIG. 9, an adsorbant gelatin
film A is first provided on the substrate 14, shown specifi-
cally in FIG. 9 as a faceplate. A subsequent bathing of
the adscrbent film A with a dispersion of phosphor parti-
cles will result in the phosplior particles ¢y adhering there-
to.. A subsequent scid wash and then a sccond washing
with the phospher dispersion as beicinbefore descrited will
result in the phosphot particles ap adhesing to the gelatin
film A. Li%ewise, phosphor particles a; will be deposited
on the gelatin 8Im A by a third phosphor dispersion wash
after a secend acid wash.  Such aliernate acid and phos-
photr’dispersion washes are repeated until substantially no
ad ditional phosphor deposit occurs,  The result is a rela-
tively dease moaoparticle thick sublayer of phosphor par-
ticle a;-a,a,, slc., which provides a substantially coms-
plete coverage of the adsortent gelatin filmv A, In similar
manner, the adsorbent gelatin film B s deposited on this
first sublayer. of phosphor particles ay-az-a; and a second
monoparticle “thick sublayer of phosphor particles £y—bar-
b; is adhcred to the adsorbent filin B. These steps are
again repeated to provide the adsorbent gelatin film C
and the third sublayer of phosphar patticles ey~cg-ca. If
a thicker ghosphor layer is desired, nadditional dense sub-
fayers may be surerimposed on the sublayer ep-¢~Cs.

The unilormity of thickness and degree of pacting of
the particies of a layer of a given thickness can be stated
in terms of the electron velocity voltage at which bom-
barding clectrons begin ta pass completely through the
layer. This velocity .nay be dofined as the threshold pene-
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Generally speaking, the ¢lestron penctrability of a given

Paver is depoadent upen the Tayers averace mass thickness

procust of the averaze mass-densaty and the average
thickress of a relative Turge arca poriien of the laver).
Mass-density (hercinafier referred to simply as density)
of a layer is determined by the kind of the material of the
1ayer and by its packing (the ratio of volume of material to
valume of space). A layver which has no spaces between
particles thereof may be termed a perfectly packed iayer.
Such a layer might be formed, for example, by solidifica-
tion ¢f a molien mass of the materinl in question.  Par-
fectly packed layers which are further characterized by
substautiolly perfect thickness uniforivily may be defined
as tayers ot substantially perfectly uniform mass thickness.
The ordinary cviporated, light-reflective aluminum layer,
commonly used in cathode ray tubes, and gold or a:a-
minum foils are examples of layers which have a substan-
tially perfectly uniform mass thickness,

When the average chirocleristics of relatively large
areas of two layers are considered, a nonuniformly thick,
loosely packed layer will impeds the penetration of elec-
trons to the same degree or absorb the saume amount of
energy from penctradng electrons, as a uniformly thick
tightly packed layer, if the two layers have the same aver-
age mass thickiess, However, this does not hold true
when elzmental areas of the laver are considered. As uscd
herein, an elemental area is an area porticn of a layer that
has thioughout its own area a perfectly uniform mass
thickness,  In particle layers, an elemental area is of the
order of particle dimension or less in size. In perfectly
packed Iayers, such as gold foil, elemental areas approach
molecnlar dimensions in size. -

Loosely packed layers are nonuniform in density, hav-
ing some elemental areas where the density of the layer is
greater than the average density of the layer and some
clementanl areas where the density is less than the average
dendty of the layer. Similarly, nonuniformly thick layers
have some clemental arcas of greater than the average
thickness and some elemental areas of less than {he aver.
age thickness. Both these types of nonuniformity, where
they exist, contribute to nonunifermity of the miass thick-
ness of a fayer. That is, the layer has some elemental
areas where the mass thickness is greater than the average
mauss thickness of the layer and some elemental areas
where the mass thickness is less tonn the average mass
thickness of the layer. When »p clectron strikes a layer
at one of the elemental areas ¢f lesser mass thickness, it
may pass conpletely through the laver even though an
eleciron of the sare velocity niipht not pass through a
laver of the same average, but uniform, mass thickness.

Tncreasing the thickness of a particle layer increases
both the abselute value of its threshcld penetration volt-
age and also the ratio of its thresheld penetration voltage
10 that of 2 Taver of the same aveiage but perfectly uai-
form mass thickness. This is because the nonuniformity
of the fayer due to less than perfect packing is, by making
the Iaver thicker, evened out by a statistical distribution of
the spaces beiween phosphaor particles.  However, in order
0 pive satisfactory service in a plural fayer luminescent
screen of penctration-type cathode ray tubes, the indi-
vidual pho.phor layers should ke relatively thin in order
to pernsit color selection at the {2ast possible voltage differ-
ences and al tive same time be safficientls uniform in mass
thick ness so as 1o minimize coler impurity., It has been
found thaut such phosphor iavera preferably should be thin
enounit Lhat they have n threshic!d penetration voltaps no
greater wan about 10 k'lovells and et be of sufiiciently
usiforrm mass thickness that their thieshold penctration
voltaze is at Jeast half that of a luyer of the some average
but perfectly uniform mass thickness. Phesnlor particle
fayers may be Jaid down accerding 1o my inveinticna which
exhibit threshold penctration volianes which ale orly about
5 Liiovolts, for exainple, and 3¢t which are from about
two-thirds to three-fourths that of a layer of perfectly uni-
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cqual averase mass thickneswes of a given value: whereas
a Laver of pofooly uniiann mass thickness may bave a
thicshold penctration sohzpe of about 28 kilovolts; a
layer according lo my invention may have a (hrpsho!d
penctration voitage of sbout 6 kilovolts; and a prior art
scttied layer may have a thre.hold penciration voltage of
only slightly greater then zero kilovolts, : .

"There have been made and suceewt fully operated multis
colcr luminecent sereens of both the extended layer type
and the multicoated-particle type and menochrome screens
of the extended layer type.  Belh the filracd particle meth-
od and the filmed substrate method have been used in make-
ing such screens. In each case screens were oblained
which: exhibited satisfactery adherence; have been satis-
{actorily used in cathode ray tubes; have teen success-
willy subjected to stundard tube processing procedures
such as bake-out, envelope sealing, and aging; and have
given pcod operational results and satisfactory light out-
put.

LAYERS OF OTHER MATERIALS

The novel method nay be used to produce uniform thin
iayers of materials for other anplicztions than for tele-
vision. For example, in integrated circity, micro-circuits,
and some forms of transisinrs, thin insulating layers are
required. These layers are scnietimes produced by evapo-
ration and deposition of the material in a vacuum. The
novel method may te used to replace the vacuum evapor-
tion process. The colloidzl-size particles of the materials
to be deposiied are prepared, and the novel method may
be used to produce thin layers of these particles., For
exaniple, insulating layers cn be prepared by using, in
the novel method, colloidal silica (Si0y), such as a silica
commercially knc¥n as Ludox, marketed by E. 1. du Pont
de Nemours & Company, Wilmington, Del. The average
particle size of this commercial material is about 100 A.
A seeond insulating material that may be used in the novel
process is an expunded mica knowu as vermiculite, which
may he preparcd as plate-like colloidal-size particles.
In faci, colloidal-size naiticles of any of the matcrials
used in the separator layers 56 and 58 described above
may be used as insulating layers for other applicatiens.

Conducting layers may likewise be made using tlic novei

. method., For example, colloidal-size particles of gold

60

G5

(overage particle size about 100--200 A.) may be used.
In preparing conducting layers, th:e adsorptive films may
be removed subsequent to deposit on the layer by heating

the structure to volatilize the film, or by washing the struce -~

ture to dissolve the film material with a suitable salvent tor
it. For example, the depesited layer or layers may be
washed with an aqueous selution of sodium hypochlorite
to remove a substantial proportion of adsorbed gelatin
film, The structures deposited according to the novel
method are stable after removal of the adsorbent films,
This is beleived to be due to the inter-molecular forces
present in such structures. Colloidal-size particles of other
metals may be used, such as zinc, platinunmi, or silver,
With metals that have oxidized, the deposiled layer may
be heated in a reducing alimosphere to convert the layer
to a true metal.

The novel method rmay be used to make thin magnetic
layers. Such magnztic layers may be useful in magnetic
memories in the licld of computers. In the past, me-
chanical limitations have limited the thickness of the
layers of maanetic material which can be produced eco-
nomically to approximately one mil. Layers of magnelic
material of almost any d:sired thinness less than one mil
may be conveniently made using the novel method. For
example, 0.1 mil thick magnetic layers of ferrite particles
may be made. - As an cxample, colloidal-size particles of
a square loop ferrite snch as a magnesium-manganese-zine
farrite (deseribed in U.S. Potent No, 3,031,406 to 1. 1.
Siceo, Jr.) are deposited as a layer on a refractory sup-
port using the novel method. Subsequently, the layer is
heated at elevated temperatuses to remove the adsorptive

foroy mass thickness. Comparing phosphor layers having 75 film material and to consolidate the laycr, The layer may
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be metallized to provide printed windings and termina-
iy e uced to prepare thin frigoe
h layers may be welol in fertocloetsic
mernories in the computer ficld,” As an example, colioidal.
size particles of a ferreelecetric material, such as a bariam
titonate or a lead titanale-zirconate (described in U.S.
Palent No. 3,144,411 1o F. Kulczar et al.) are deposited
24 a leyer on a refractory support using the novel methosl,
Subsequenly, the fayer is hezted at clevated temperatueres
to remove the adsarptive film material and to consolidate
the layer. The layer may te metallized to provide elec-
trodes and ferminations thereto.

1n the ficld of photoconductors, thin layers of cadmium
sulfide and cadminm selenide may be deposited on various
base materials using the nevel method,

“I'he zdherence of colloidal-size particles to the adsorp-
tive film is independent of the position of the adsorbent
film surface, s illustrated by the individual coarse parti-
¢les coated witn fayers of phospher particles and inert ma-
terial (spacer) previously described. Because of this, it
is possible to use the novel method to coat surfaces that
are inaccessivle with other methods,

“the novel methad may also be used to remove unde-
sired colloidal-size particles from solutions in much the
same way that certain resins are used for the removal of
jons [rom solution. For example, in agueous clay particle
suspensions, colloidal-size clay particles, which are too
small for fikering, may be rcmoved using the novel
method. As an example, noncolloidal particles (for ex-
ample sand) may be coated with adsorptive film and
washed until all soluble film material is ramoved, leaving
a thin adsorbent film on each grain of saad. The water
containing the colloidal clay particles is ihen passed
through the sand.  The clay particles are adsorbed by
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the adsorptive film on the sand grains leaving clean |

water.

The invention has been described in terms of specific
examples and embodiments.  However, various changes
and medifications may be made thercin without departing
from the cpirit and scope of the invention us defined by
te following claims. ’
 Usless otherwise indicated in the claims, the method
steps recited therein need not be carried out in the order
named. '

What is claimed is:

1. The method of making a structure comprising the
elernents of: \a) a support surface and (b) colloidal solid
particles, s2id methods comprising the steps of:

(1} coating one only of said elements with a protective

collcid padticle-adsorptive material, whereby at least
a portion of said material is adsarbed to said one of
said elenmients, :

(2) then washing said one of said elements in a solvent

for said material to remove vnadsorbed material from.

said one of said elements,

(3} then.dispersing said solid particles in a quantity of
a liqu'd which is devoid of said material aad in which
said porticles are insoluble,

(4) ang bathiag said support surface with said disper-
sion to adsorptively adhere said particles to said
suppoii surface,

2. Tue method of claim 1 wherein, aslep 1, said suppart

is coated with said particle-adsorpdve naterial.

3. The method of ciaim 1 whorein, in step 1, said solid

particles are ceated with sajd particle-adsorptive material.

4, vhe method of meking a {umin-sceni screea ¢oms

prising the elenents oft (a) a support sutfuce and (b)

phosphor particles, said methoed coinprising the steps oft

coating one only of suid clements viith o protective
colloid patticle-adsorptive film,

ther woshing said one of said eleracnts in a solvent for
suid protectivs colloid,

then dispessing said plosphor particlrs in a quantity of
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said solvent which is devoid of said piotective
cetloid,
ard auiiatedly bahiags odld ceppaid «orfzze with said

Sispersion o adsorptively wdl
ticles to szid sapport surface.
5. The method accarding to claim 4 and wherein said
support surface is the surface of n base phosphar particle
which is of a sive greater than arnl luminesces in a color
different than do the phosphor patticles in said dizpersion.
6. The method of making a luminescent screen com-
prising a layer of phosphur particles on a support surface,
said method including the steps of:
coating each of said phssphor particles with an adsorp-
tive film to which said support surface will adsorptive-
Jy adhere, :
washing said phosphor parlicles to remove the excess of
the material of said adsorptive film therefrom,
and agitatedly bathing said support surface with an
aqucous dispersion of said filmed particles while
maintaining said support surface free of adsorptive
film material other than that adsorptively coated on
said particles to adsorbently adhere said filmed parti-
cles to said support surface.
7. The method of making a luminesceni screen com-
orising the steps of:
coaling a support surface with a particls adsorptive film,
then removing that portion of the film matzrial which
is not adsorptively adhering to said support surface
by washing with a folvent for said material,
and then contacting said film with an aqueuous ¢'se
persion containing phosphor particles which are sub-
stzntially frec of adsorptive film material to adsorp-
tively adhere said particles to said filmed surface.
8. The method of making a luminescent screen coms-
prising the steps of:

- siid phosphor par-

covering a support surface with a solution of particle-

adsorbent filr: forming material,

reinoving the excess of said solution,

then washing said support surface with a solvent for
said material to leave an adsorbent film on said
surface,

covering said filmed surface with a dispersion of phos-

phor particles ju a quaniily of a sol 1t for said
material which is free of particle-adsorbent film
forming material, whereby to adsorbently adhere
phosphor particles onto said filnied support surface.

9. The method of making a luminescent screen com-
prising the staps of:

batlang a support surface with an aqueous solution of a

material selected from the group consisting of gelatin
and polyvinyl alcohol,

then washing said support surface with water to remove

any of said material which is non-adherent to said
support surface,

then covering said surface with an aqusous dispersion

containinz phosphor pasticles which are substantially
free of said material,

and then removing the excess of said dispersion after a

petiod of time lass than that which would be required
for the Jeposition of a useful number of said phos-
phor particles onto said surface from a similar dis-
persion by a scttling process.

10. A method of making 2 lumiaescent screen compris-
ing a layer of pbosphor particles on a support surface,
said method including the steps of:

bathing said surface with 2 soluiion of adsorbent-film-

forming material to deposit a film of said material on
said surface
then washing said surface to remove therefrom the non-
adherent portion of the deposited film niaterial,

and then bathing said filined surface with a dispersion
of phosphor particles wiich are devoid of said ma-
tenial 1o adsorbentiy adhcre phosphior particles onto
said film,

11. The method of making & luminescent serecn includ-
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o suppert member hoving a laver of phosphar par-
ticles therern, soid method comprising the sieps of:
covering the surface of said supporl member with an
acidifi=d film of a protective coiloid,
wiching satd flmed surface with water,
sgitutedly washing said flmed surface with an agucons
dispersion which is fice of said protective colloid
and which contaits phosphor particles which are to
be deposited en said filmed surface,
washing said filmed surface with water,
and repeating the above-named steps to build up a
Inyer of phospher particles to a desired thickness.
12 The meined of making a lumiinescent screen in-
cluding a suppert member having a layer of phosphor
particles thercon, said method comprising the steps of:
covering a surface of said support member with a par-
ticle-adsorbeai flin,

washing said surface to remove essentially that portion

of the material of said film which is not adherently
adsorbed onte said surface,

covering said film surface with a dispersion which con-

tains phosphor particles and which is substantially
devoia of paiticle adsorbent film  material, the
smallest of the phosphor particles contuined in said
dispersion not being less than ong fourth the size of
the fargest, '

and removing the excess of said dispersion to leave a

Jayer of particles adsorbad on said film.

13, The methed of making a structure ceinprising a
support member having a layer of particles thercon, said
meibed comprising the steps of*

bathing a surface of said support member with an

aqucous solution of particle adsorbent film-forming
razterial to deposit an adsorbent film on said surface,
then washing said sarface with water,

then bathing said film with an aqueous dispersion of

partictes which is substantially free of any adsorbent
film-forming material to deposit a dense sublayer of
particles on said film,

and repeati 3 the above-named steps to” build up the

thickness of said layer.

14 The method of making a luminescent scrcen in-
cluding a suoport member having a layer of phosphor
particles thereon, said method comprising the steps of:

pathing the suiface of said support member vith a

solution of particle adsorbent material to provide an
adsorbent film of s.id material on <aid surface,
then washing sa2id surface- to remove therefrom the
non-adherent portion of the deposited film material,
then bathing said fiYmed surface with dn adsorbent ma-
terial free dispersion of phosphor particles of given
sizes,
and then bathing said filmed surface with a dispersion
of particles which are free of adsorbent materinl and
which are sinaller than said given sizes.

13, The mcthod according to claim 14 and wherein
sid particles which are smaller than said given sizes are
phosphor particles. . .

16, ‘The method of making a luminescent screen come-
prising a substrate having thereon a layer of base par-
ticles, vach of which is coated all over with a layci of
phusphor particles, seid method including the steps of:

conting one of the clements selected from the group

consisting of said base particles ard said phosphor
ies vith ~n adsorptive &l 10 whick the other
of said clements wifl adnere,
then washing said one of said elements in a solvest for
the material of said adsorptive film,
dispering said phosphor particles wt a quantity of
said svlvent which is free of adsorptive film material,
bathing the base particies with said dispersion to coat
said base particles with said phosphor particles,
and then depositing the phosphor coated base particles
in n layer on said subatrate,
17, The methed of mobing a fuminescent screen com-
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prising yhe

with a2 of pashicde adsarptive naferied,
tiien Lo ocuid base particics Jo remove Lhe unad-
ron of said material therefrom, i
1 thea buthinz <aid filmed base particles with an acidified
dispersion consisting essentially of soivent like that
of said s2iution and phosphor particles to coat each
of said bzsz particles with a layer of suid phosphor
particles, !

and deposi.ing said coated base particles in a layer on

said substrate.

18. The meaihad of making a luminescent sereen com-
prising the steps of: .

coating a n:vitiplicity of base particles of a first phos-

phor which luminesces in a first color with {ilms of
a materizl selected from the group consisling of
gelatin and polyvinyl aleoliol,

then washirg said filmed base particles in water,

then washing said filmed base particlas with an aqueous

dispersion of particles of a second phosphor which
Iuminesces in a second color to provide a layer of
said second phosphor particles on said base particles,
said dispersion biing sub.antially devoid of said ma-
terial,

said second phosphor particles being of sizes substan-

tially smaller than the sizes of said base particles.

and thzn depositing said coating base particles in a

layer cn a support surfoce,

19. The meihod of making a fuminescent sercen com-
3G prising the steps of:

washing a quantity of base particles with a protective

colloid suspension to provide a first adsorbent film on
said base particles,
then washing said base particles with a liguid dispersion
comtaining colloidal particles of a first phosphor to
provide a laver thercof on said first adsorbent Alm,

thea washinz said base particles with said proicctive
colloid suspension to provide a second adsorbent film
on the layer of colloidal particles of said first phos-
phor,
then washing said hase particles with a liguid Jispersion
containing colloidal nonlumineseent particles to pro-
vide a faser thereof on said second adsortent film,

then washing said base particles with said protcctive
colloid suspeasion to provide a third adsorbent fdlm
on said lay2r of nonluminescent particles,

and then wzching said base particles with a Liquid Jis-

persion coniaining colloidal paidcles of a second
phosphor o provide a Jayer thercof on said third
adsorbent film,

and then depositing the coated particle product of the

above-named steps in a layer en a subsirate.

20. The metkod according to claim 17 aad wharein
said base particles are phosphor particles of a size larzer
than said colloidal particles and wherein said base phos-
phor particles Tuminesce in a color different from that
of cither said first or second colloidal phosphor particics.

21, The methed of making a Juminescent sereen cnm-
prising a maltiplicity of fractiona) areas each of which
includes a plura’ity of superimposed Jayers of different
color light emitiirg phosphors, said method comprising
the steps cf:

bathing a quantity of basc particles of a first phusphor

of given sizes in an acidic proteztive ¢olloid < lu-
tion to £cat siid base particles with a fisst film of
said prolective colloid,

then bathing said base patticles in water,

then buthing said base particles in a ligquid dispersion

containiaz aonluminescent particles which arc many
times smasier than said given sizcs,

then bathing said base particles in water,

then bathinz said hase particles in an acidic proteciive

celloid soiutinon to coat said buse particles with ¢ sec-
oind fiim of said protective colloid,

thcn bathing said base particles in water,
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given sizes,

then bathing said base partisles in water,

then bathing said base particles in an acidic protective
colloid solution to coat said base particles with a
third fi:n of s2id protective colloid,

then bathing said base particles in water,

then bathing said base particles in a liquid dispersion
containing nonluminescent particles which are maay
times smaller than said given sizes,

then bathing said base particles in water,

then bathing said base particles in an acidic protective
colloid solution to coat said base particics with a
fourth film of said protective colloid,

then bathing said base particles in waler,

then agitatedly buthing said base particles in an acidi-
ficd liquid dispersicn containing particles of a third
pnosphor which arz many times smaller than said
given sizes, :

then bathing said base particles in water,

then depositing said base parlicles in a layer upon a
substrate,

then alominizing said layer,

and then subjecting said aluminized layer to a bake-
out, .
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2%, The mehod of making a Jominescont screen ace
cording fo ¢'aim 21 and wherdin k;:':'J ;’n’i»tuJE»c colloid
is a muterial sotosted from the proup whic asids of
gelat noand polyvinyl alcohel, and el ach of 81 d awh fied
phosphor dispersions has o pH of about 5.
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